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PROBLEM TO BE SOLVED: To provide a 
hydrogen gas occluding substance which has a 
large quantity of hydrogen occlusion and enables 
easily storing hydrogen gas near room 
temperature. 

SOLUTION: This hydrogen gas occluding 
substance comprises a reaction product of alkali 
metal and carbon material. When the carbon 

y material is amorphous, the molar ratio of 
amorphous carbon to alkali metal is preferably 
>1.3 and <26. Further, when the carbon material 
is graphite, the mole ratio of the graphite to alkali 

llfmetal is preferably >2.7 and <8. 
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[Claim(s)] 

[Claim 1] The hydrogen gas occulded substance with which it consists of a reactant of 
amorphous carbon and alkali metal, and the mole ratio of said amorphous carbon to said 
alkali metal is characterized by or more 1.3 being 26 or less. 

[Claim 2] Said amorphoxis carbon is what was obtained by heat-treating one sort or two 
sorts or more of ingredients chosen fi*om the raw coke obtained fix)m a high molecular 
compoimd, naturally-ocuning polymers and petroleum, or coal at the temperature of 500 
degrees C or more, activated carbon, or a hydrogen gas occulded substance according to 
claim 1 which is any one or more [ of a carbon fiber ]. 

[Claim 3] The hydrogen gas occulded substance with which it consists of a reactant of a 
graphite and alkali metal, and the mole ratio of said graphite to said alkali metal is 
characterized by or more 2.7 being less than eight. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hydrogen gas occulded substance 
which consists of a reactant of carbon materials, such as amorphous caibon and a 
graphite, and alkali metal in more detail about a hydrogen gas occulded substance. 

[0002] 

[Description of the Prior Art] A graphite crystal incorporates the chemical species 
(INTAKARANTO) of the atom of varieties, a molecule, ion, etc. between layers, and 
making an intercalation compound is known. The periodicity (stage structure) of the 
INTAKARANTO layer to a graphite layer and the structure in an INTAKARANTO layer 
change with INTAKARANTO or the synthetic conditions to be used a lot, and a graphite 
lamellar compound has the description that a completely different compoimd of an 



appearance and a property is obtained. 

[0003] Especially the graphite lamellar compound that incorporated alkali metal as 
INTAKARANTO shows the property to emit hydrogen and to return to the original 
alkali-metal-graphite lamellar compound, when the 3 yuan intercalation compound which 
generated the 3 yuan intercalation compound of alkali-metal-graphite-hydrogen and was 
generated when it was made to react with hydrogen under specific conditions is heated to 
predetermined temperature. Therefore, as for the alkali-metal-graphite lamellar 
compound, the application to a hydrogen gas storage means or a hydrogen gas 
concentration means is expected. 

[0004] As an alkali-metal-graphite lamellar compoimd in which a hydrogen gas occlusion 
operation is shown, KC8, RbC8, KC24, RbC24, and CsC24 grade are known. Among 
these, KC8 and RbCS are the compounds of the high temperature form which carries out 
occlusion of the hydrogen near a room temperature, and lliey form the 3 yuan 
intercalation compound expressed with the presentation of KC8H2/3, and RbC8H0.05 by 
adsorbing hydrogen, respectively. On the otiier hand, KC24, RbC24, and CsC24 are the 
compounds of the low temperature form which carries out occlusion of the hydrogen near 
liquid nitrogen temperature, and form the 3 yuan intercalation compound expressed with 
the presentation of KC24H4, RbC24H4, and CsC24H4 by physisori)ing hydrogen, 
respectively. 
[0005] 

[Problem(s) to be Solved by the Invention] Since the alkali-metal-graphite lamellar 
compound of the high temperature form represented by KC8 and RbC8 can perform 
occlusion of hydrogen near the room temperature, it has the advantage that handling is 
easy. However, the hydrogen storage capacity (weight of the occlusion hydrogen to the 
weight of a 3 yuan intercalation compoimd comparatively) of KC8 and RbC8 is 0.50wt% 
and 0.028wt(s)%, and has the problem that there are few hydrogen storage capacities, as 
compared with the hydrogen storing metal alloy represented by LaNi5, respectively. 
[0006] On the other hand, the alkali-metal-graphite lamellar compound of the low 
temperature form represented by KC24, RbC24, and CsC24 has the advantage that there 
are many hydrogen storage capacities, as compared with the alkali-metal-graphite 
lamellar compound of a high temperature form. Especially the hydrogen storage capacity 
of KC24 has a value almost equivalent to a hydrogen storing metal alloy. However, since 
the alkali-metal-graphite lamellar compound of a low temperature form must perform 
occlusion of hydrogen near liquid nitrogen temperature, practicality has the fault of being 
scarce. 

[0007] The technical problem which this invention tends to solve has many hydrogen 
storage capacities, and they are to offer the hydrogen gas occulded substance which can 
store hydrogen easily near a room temperature moreover. 
[0008] 

[Means for Solving the Problem] The hydrogen gas occulded substance applied to this 
invention in order to solve the above-mentioned technical problem consists of a reactant 
of amorphous carbon and alkali metal, and the mole ratio of said amorphous carbon to 
said alkali metal makes it a summary to or more 1 .3 be 26 or less. 
[0009] If amorphous carbon and alkali metal are made to react, the reactant by which 
some alkali metal [ at least ] was doped by amorphous carbon will be obtained. If this is 
contacted in hydrogen in a room temperature, occlusion of the hydrogen gas will be 



carried out also not only between the front face of amorphous carbon but between the 
clearance between the microcrystals which constitute amorphous carbon, or the layer of 
microcrystal. Therefore, a hydrogen storage capacity increases as compared with an 
amorphous carbon independent case. 

[0010] Moreover, the 2nd hydrogen gas occulded substance concerning this invention 
consists of a reactant of a graphite and alkali metal, and the mole ratio of said graphite to 
said alkali metal makes it a sunmiary to or more 2.7 be less than eight. 
[001 1] If a graphite and alkali metal are made to react so that the mole ratio of a graphite 
to alkali metal may become less than [ 2.7 or more ] eight, the mixture which consists of 
an alkali-metal-graphite lamellar compoxmd of a high temperature form and a superfluous 
alkali metal will be obtained. If this is contacted in hydrogen in a room temperature, 
hydrogen gas will enter between the layers of a graphite with a superfluous alkali metal, 
and will form the intercalation compoimd of 3 yuan. Therefore, a hydrogen storage 
capacity increases as compared with the alkali-metal-graphite lamellar compound of the 
high temperature form known conventionally. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is 
explained to a detail. The hydrogen gas occulded substance concerning this invention 
consists of a reactant of a carbon material and alkali metal, and the presentation can be 
expressed with an empirical formula MCx. However, among an empirical formula, "M" 
and "C" express alkali metal and a carbon material, respectively, and "x" expresses the 
mole ratio of a carbon material C to alkali-metal M. 

[0013] Here, although especially alkali-metal M is not limited, one sort or two sorts or 
more of its elements chosen from Li, Na, K, Rb, and Cs are desirable. Moreover, the all 
do not need to react with a carbon material and a part of such alkali-metal M [ at least ] 
has just reacted with the carbon material. 

[0014] Any of amorphous carbon or a graphite may be used for a carbon material C, and 
it is not especially limited to it. However, when using amorphous carbon as a carbon 
material C, as for a mole ratio x, 26 or less [ 1 .3 or more ] are desirable. If a mole ratio x 
becomes less than 1 .3 when a carbon material C is amorphous carbon, since the rate of 
the alkali metal which is not contributed to hydrogen absorption will increase and a 
hydrogen storage capacity will be reduced, it is not desirable. Moreover, if a mole ratio x 
exceeds 26, since the rate of the reactant of the alkali metal in which high hydrogen 
absorption ability is shown, and amorphous carbon will decrease and a hydrogen storage 
capacity will be reduced, it is not desirable. 

[0015] Moreover, it is desirable to use what was obtained by heat-treating one sort or two 
sorts or more of ingredients specifically chosen from the corks obtained from a high 
molecular compound, naturally-ocurring polymers and petroleum, or coal as amorphous 
carbon at the temperature of 500 degrees C or more. In this case, it is desirable to perform 
heat treatment imder an inert atmosphere. Moreover, activated carbon, a carbon fiber, etc. 
may be used for amorphous carbon. Furthermore, these ingredients may be independently 
used for amorphous carbon, or may be used for it or more combining two of sorts of 
these. 

[0016] On the other hand, when using a graphite as a carbon material C, as for a mole 
ratio x, less than [ 2.7 or more ] eight are desirable. If a mole ratio x becomes less than 
2.7, since the rate of the alkali metal which is not contributed to hydrogen absorption will 



increase and a hydrogen storage capacity will be reduced, it is not desirable. Moreover, if 
a mole ratio x becomes eight or more, since the rate of the alkali-metal-graphite lamellar 
compovmd of a high temperature form which shows a hydrogen absorption operation will 
decrease and a hydrogen storage capacity will fall, it is not desirable. 
[0017] Next, an operation of the hydrogen gas occulded substance conceming this 
invention is explained. Although the hydrogen gas occulded substance conceming this 
invention consists of a reactant of alkali metal and a carbon material, it shows hydrogen 
absorption ability higher than the alkali-metal-graphite lamellar compound of the hi^ 
temperature form known conventionally. 

[0018] For example, originally the amorphous carbon itself represented by activated 
carbon has the operation which makes hydrogen gas adsorb [ near the room temperature 
]. In this case, hydrogen gas is adsorbed in the pore mainly formed in the front face or 
front face of amorphous carbon. However, as compared with an amorphous carbon 
independent case, as for the reactant which this amorphous carbon and alkali metal are 
made to react, and is obtained, a hydrogen storage capacity increases sharply. 
[0019] Although some alkali metd [ at least ] is doped by amorphous carbon by the 
reaction, this acts as a catalyst at the time of the doped alkali metal being hydrogen 
absorption, and is considered because occlusion of the hydrogen gas is carried out also 
not only between the front face of amorphous carbon but between the clearance between 
the microcrystals of amorphous carbon, or the layer of microcrystal. 
[0020] Moreover, as an alkali-metal-graphite lamellar compound in which the operation 
which carries out occlusion of the hydrogen [ near the room temperature ] is shown, the 
graphite lamellar compoimd of the high temperature form expressed with an empirical 
formula MC 8 is known. Therefore, if a graphite and alkali metal are made to react so 
that the mole ratio of a graphite to alkali metal may become less than [ 2.7 or more ] eight 
when using a graphite as a carbon material, the mixture which consists of a graphite 
lamellar compoimd of the high temperature form known conventionally and a 
superfluous alkali metal will be obtained. 

[0021] However, if such a reactant and hydrogen are made to react, the hydrogen storage 
capacity will increase more than the hydrogen storage capacity expected from the amount 
of the high temperature form graphite lamellar compound contained in a reactant. A 
superfluous alkali metal will be incorporated between the layers of a graphite with 
hydrogen, and this will be considered for the 3 yuan graphite lamellar compound of the 
aUcali-metal-graphite-hydrogen which has a new presentation to generate, if the mixture 
and hydrogen which consist of a high temperature form graphite lamellar compound and 
a superfluous alkali metal are contacted. 

[0022] Next, the manufacture approach of the hydrogen gas occulded substance 
conceming tiiis invention is explained. The hydrogen gas occulded substance conceming 
this invention can be manufactured by various approaches. For example, after mixing 
alkali metal and a carbon material and carrying out vacuum enclosure of this at a suitable 
well-closed container, it can manufacture by the approach of carrying out predetermined 
time heating to predetermined temperature. Moreover, for example, alkali-metal powder 
and a carbon material can be paid to a ball mill, and it can manufacture also by the 
mechanical alloying method which carries out forcible churning. 
[0023] 

[Example] (Example 1) Using activated carbon (M30, Product made from Osaka Gas 



chemical), and K as a carbon material and an alkali metal, the mole ratio x of activated 
carbon to K carried out weighing capacity, respectively so that it might be set to 0, 1.09, 
1.33, 1.63, 2.17, 3.26, 4, 8, and 9.77, and it mixed these all over the argon permutation 
dry box (dew-point: -80 degrees C), respectively. 

[0024] Next, tfiese were put into sample eel tubing made from stainless steel (Made in the 
Suzuki Trading house, outer diameter of 6.35mm), respectively, and after attaching and 
enclosing joint with the edge of sample eel tubing, it took out from the argon permutation 
dry box. Similarly, sample eel tubing which enclosed only activated carbon was also 
prepared. 

[0025] Next, joint was removed, after connecting sample eel tubing to the automatic PTC 
property measuring device (Made in the Suzuki Trading house) and carrying out vacuum 
suction of the interior of sample eel tubing to 0.1 3Pa through joint. Then, sample eel 
tubing was left at 300 degrees C in the electric fiimace for 22 hours, and the reactant of K 
and activated carbon was obtained. 

[0026] About the obtained reactant, X diffraction measxirement was performed, 
respectively. Consequently, when it was x< 8, it tumed out that a reactant is the mixture 
of the activated carbon with which K and K were doped. Moreover, when it was x>=8, it 
tumed out that a reactant consists only of activated carbon with which K was doped. In 
an X diffraction pattern, since small angle scattering peculiar to activated carbon was not 
seen, K is considered to fill up in the pore on the front face of activated carbon. 
[0027] Next, sample eel tubing with which the reactant was enclosed was attached in the 
automatic PTC property measuring device, and occlusion of the hydrogen was carried out 
under the conditions of hydrogen pressure 4.95MPa in the room temperature. The mole 
ratio X of the reactant (this is hereafter called "hydrogen absorption object".) to which 
occlusion of the hydrogen was carried out, and relation with a hydrogen storage capacity 
are shown in drawing 1 . In addition, the hydrogen storage capacity of activated carbon 
(M30) was also collectively shown in drawing 1 . Drawing 1 shows that the mole ratio x 
of the hydrogen storage capacity of a hydrogen absorption object is more than KC8H2/3 
known from the former within the limits of 1 .3<=x<==26. 
[0028] Moreover, X diffraction measurement was performed about the obtained 
hydrogen absorption object, respectively. Consequently, even if it was the field of x< 8 
which added K superfluously, peaks, such as KH, were not observed but only the 
broadcloth diffraction peak resulting from a hydrogen absorption object was observed. 
Moreover, when the peak of hydrogen desorption was measured witii the inert gas 
conveyance heating-thermal conductivity method, the hydrogen absorption objects 
obtained by this example to KH being 540 degrees C were 400 degrees C and 900 
degrees C. 

[0029] The above result will be considered that it is shown that superfluous K enters the 
interior of activated carbon (for example, between the clearance between microcrystals 
and the layer of microcrystal etc.) with hydrogen if the reactant and hydrogen gas 
containing superfluous K are contacted. 

[0030] (Example 2) according to the same procedure as an example 1, the reactant of K 
and graphitiz«l carbon was obtained except the mole ratio x of graphitized carbon to K 
having carried out weighing capacity, respectively, using graphitized carbon (MCMB 25- 
28) and K as a carbon material and an alkali metal, so that only graphitized carbon 
namely, - might become 0, 1.09, 2.17, 3.26, 4, 5.43, 7.89, 8, 13.02, and infinity. 



[003 1] X diffraction measurement was perfomied about the obtained reactant. 
Consequently, when it was x< 8, it turned out that a reactant is the mixture of K and the 
graphite lamellar compound KC8 of a high temperature form. On the other hand, in the 
case of X>=8, it turned out that they are a graphite lamellar compound KC8 and the 
mixture of graphitized carbon. Furthermore, when differential heat scan analysis was 
performed about the reactant which is x< 8, the exothermic peak corresponding to fusion 
of a potassium was observed near 60 degree C. 

[0032] Next, sample eel tubing with which the reactant was enclosed was attached in the 
automatic PTC property measxiring device, and occlusion of the hydrogen was carried out 
under the conditions of hydrogen pressure 4.95MPa in the room temperature. The mole 
ratio X of the obtained hydrogen absorption object and relation with a hydrogen storage 
capacity are shown in drawing 2 R> 2. In addition, the hydrogen storage capacity of 
graphitized carbon (MCMB 25-28) was also collectively shown in drawing 2 . Drawing 2 
shows that the mole ratio x of the hydrogen storage capacity of a hydrogen absorption 
object is more than KC8H2/3 known from the former within the limits of 2.7<=x<8. 
[0033] Moreover, X diffraction measurement by CuK alpha rays was performed about 
the obtained hydrogen absorption object. Consequently, although peaks, such as KH, 
were not observed in the field of x< 8, the sharp diffraction line appeared 2theta=22 
degree and near 32 degree. Moreover, when differential heat scan analysis was performed 
about the obtained hydrogen absorption object, the exothermic peak accompanying ^ 
fusion of K was not observed in the field of x< 8, either. Furthermore, the hydrogen 
absorption objects with which the peak of the hydrogen desorption by inert gas 
conveyance heating-thermal conductimetry was acquired by this example to KH being 
540 degrees C were 400 degrees C and 900 degrees C. 

[0034] If the above result contacts in hydrogen the reactant set to superfluous K fix)m 
mixture with a graphite lamellar compound KC8, superfluous K will be incorporated 
between the layers of a graphite with hydrogen, and it will be thought that forming the 
intercalation compound of 3 yuan is shown. The detailed analysis of the peak acquired by 
the X diffraction showed that this 3 yuan intercalation compound was a new compound 
expressed with empirical formula KC4H0.8. 

[0035] (Example 3) The hydrogen gas occulded substance which consists of graphitized 
carbon (MCMB 25-28) and Li was produced using the mechanical alloying method. That 
is, all over the argon permutation dry box (dew-point: -80 degrees C), weighing capacity 
of graphitized carbon and the Li was carried out at a rate of 3: 1 by the mole ratio, and this 
was put into the mill pot made from stainless steel. Subsequently, milling was carried out 
by grinding acceleration 10.7G with the planet ball mill for 12 hours. 
[0036] This pot was connected to the automatic PCT property measuring device (Made in 
the Suzuki Trading house), and the hydrogen storage capacity was measured. 
Consequently, 0.81wt% occlusion has been checked under a room temperature and the 
conditions of hydrogen pressure 1.30MPa. Moreover, when X diffraction measurement 
by CxiK alpha rays was performed about the obtained hydrogen absorption object, peaks, 
such as LiH, were not observed only by a broadcloth diffraction line being observed at 
one low an^e side. Moreover, the hydrogen reactants from which the peak of the 
hydrogen desorption by inert gas conveyance heating-thermal conductimetry was 
acquired by this example to LiH being 1000 degrees C were 250 degrees C and 640 
degrees C. 



[0037] (Example 4) The hydrogen gas occulded substance which consists of graphitized 
carbon (MCMB 25-28) and K was produced using the mechanical alloying method. That 
is, all over the argon permutation dry box (dew-point: -80 degrees C), weighing capacity 
of graphitized carbon and the K was carried out at a rate of 4: 1 by the mole ratio, and this 
was put into the mill pot made from stainless steel. Subsequently, milling was carried out 
by grinding acceleration 10.7G with the planet ball mill for 12 hours. 
[0038] This pot was connected to the automatic PCT property measuring device (Made in 
the Suzuki Trading house), and the hydrogen storage capacity was measured. 
Consequently, 0.81wt% occlusion has been checked under a room temperature and the 
conditions of hydrogen pressure 1.30MPa. Moreover, when X diffraction measurement 
by CuK alpha rays was performed about the obtained hydrogen absorption object, peaks, 
such as KH, were not observed only by a broadcloth diffraction line being observed at 
one low angle side. Moreover, the hydrogen absorption objects with which the peak of 
the hydrogen desorption by inert gas conveyance heating-thermal conductimetry was 
acquired by this example to KH being 540 degrees C were 400 degrees C and 640 
degrees C. 

[0039] As mentioned above, although the gestalt of operation of this invention was 
explained to the detail, various alterations are possible for this invention without not 
being limited to the gestalt of the above-mentioned implementation at all and deviating 
from the sunwnary of this invention. 

[0040] For example, although the above-mentioned example explained the example to 
which a single alkali metal was made to react to activated carbon or graphitized carbon, 
two or more sorts of alkali metal may be made to react to activated carbon or graphitized 
carbon. Moreover, alkali metal may be made to react to this, using the mixture of 
amorphous ingredients, such as activated carbon, and a graphite as a carbon material. 
[0041] 

[Effect of the Invention] The hydrogen gas occulded substance concerning this invention 
consists of a reactant of amorphous carbon and alkali metal, and is effective in the ability 
to store a lot of hydrogen gas easily in near a room temperature, since the mole ratio of 
said amorphous carbon to said alkali metal is 26 or less [ 1 .3 or more ]. 
[0042] Moreover, the 2nd of this invention consists of a reactant of a graphite and alkali 
metal, and they are effective in the ability to store a lot of hydrogen gas easily in near a 
room temperature, since the mole ratio of said graphite to said alkali metal is less than [ 
2.7 or more ] eight. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing the mole ratio x of activated carbon and the relation of 
a hydrogen storage capacity to a potassium. 

[Drawing 21 It is drawing showing the mole ratio x of graphitized carbon and the relation 
of a hydrogen storage capacity to a potassiimi. 
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